Abstract
For all pellets the water content decreased with spheronisation time, more so for 23 samples made from 2 mm extrudates. A systematic effect of protuberance geometry 24 on the product yield (a measure of losses due to fines) was evident for both extrudate 25 sizes, with yields decreasing in the order (large studs), (pyramidal), (saw-toothed), 26 and (small studs). Analysis of two-dimensional images of dried pellets indicated that 27 the 2 mm diameter extrudates generated pellets with narrower size distributions and 28 better shape quality parameters (aspect ratio and circularity). This was confirmed via certificate of analysis data sheet). MCC particle sizing analysis was carried out using 167 a Beckman Coulter TM LS13320 laser diffraction particle size analyser (Beckman
168
Coulter, Inc., 250 South Kraemer Boulevard Brea, USA) and gave particle sizes Deionised water was used to prepare the pastes. 
Methods

173
Paste preparation and drying
174
The MCC/water paste was prepared following a similar procedure to that reported by paused after each period and any paste build-up on the walls returned to the mass using a spatula. The paste was then transferred into a sealed plastic sample bag and 185 held at room temperature for at least one hour before extrusion to allow the water to 186 equilibrate through the paste. The paste batch was discarded after 7 hours.
188
The initial paste water content, w (wet basis), was determined by weighing out about 189 30 g of paste and drying it in a vacuum oven at 60 °C and ~ 0.1 mbar vacuum, or in a
190
hot air oven at 60 °C, until a constant mass was obtained. and assuming their diameter to be that of the screen holes. Each measurement was 211 repeated at least three times and the average is reported.
212
About 30 g of fresh extrudates was loaded into the spheroniser chamber (R-120, The extrudate densities are reported in Table 1 . The extrudate densities for both screen 285 hole diameters are larger than the bulk density of the initial paste (474 ± 13 kg m -3 ),
286
confirming that the paste is compacted as it undergoes shearing and extrusion. The Table 1 292 are noticeably smaller than those reported for extrudates produced from similar The difference in extrudate densities between screen hole diameters in Table 1 is relatively modest in comparison to the differences between the extrudate density and on the friction plate during spheronisation, which in turn may generate more fines.
353
The final yield values in Table 2 show that plate C gives similarly good performance Table 3 .
368
Plates A and D gave bimodal distributions while that for B is almost unimodal with a (Table 3) .
382
The pellets obtained with plates A and B were all of acceptable shape, with aspect 383 ratios both greater than the threshold of 0.80 with a mean value of 0.94 and 0.95 (see 384   Table 3 ), respectively, and small standard deviations ( 0.05). The plot of aspect ratio 385 with pellet size in Figure 5 (b,i) shows noticeable variation for both plates C and D:
386 neither satisfy the above quality threshold. These differences in shape are also reflected in the circularities reported in The pellet size distributions in Figure 5 (a,ii) show some differences to the results The size distribution curve of pellets obtained using plate B shows multiple peaks 407 over a relatively broad distribution range, which is reflected by a higher standard 408 deviation in Table 3 . Plate C gives a tri-modal distribution, with peaks at d CE /D = 0.66, also reflected in the circularity data in Table 3 . in Figure 6 and parameters are summarized in Table 4 . The D = 1 mm data are better 448 described by a normal distribution, whereas a log-normal distribution is preferable for The SEM images in Figure 7 show differences in pellet surface structure as well as
456
shape. The pellets generated from D = 2 mm extrudates are all rounded, reflecting the 457 similarity in aspect ratios and circularity in Table 3 . The pellets from D = 1 mm 458 extrudates produced using plates A and B are also rounded, whereas those produced 459 with plates C and D are less regular, which is again consistent with the results in Table   460 3. The micrographs of extrudate surfaces for different diameters in heights are typically 1 mm, so this suggests that shorter protuberances should be used.
496
This is broadly consistent with the difference in performance of plates B and C, 497 although the spacing in these is also different: there is more space for a pellet to reside 498 on the plate with C. 
Conclusions
518
The effect of plate surface protuberances on the pellet water content, yield, pellet size 519 and shape, as well as the pellet surface morphology, was investigated for model 520 MCC/water paste extrudates. The extrudates, generated using a commercial screen 521 extruder, had surface fractures on one side, which was different from that of the 522 extrudates generated by ram and LRS extrusion where the fractures are usually 523 present circumferentially.
525
For each test, the pellet water content decreased with spheronisation time; however, 526 no systematic difference between the four investigated plates was observed. The 527 surface protuberance size and shape showed effects on both the yield of pellets and 528 pellet size and shape distributions. It was found that plate C, with large studs, was 529 superior in terms of spheronisation yield for both the 1 and 2 mm extrudates, whereas 530 the yields for plate B with small studs were the lowest. Plates A (pyramidal) and D
531
(saw-toothed) showed a similar performance for both extrudates sizes. order to produce pellets with certain desired properties, and hence this study could 552 provide some qualitative information for the selection of an appropriate friction plate.
553
The relative dimensions of extrudate size and plate surface protuberance would need 554 to be optimised further if it were intended for industrial manufacture. Table 3 Pellet size and shape parameters (mean ± standard deviation) obtained by image analysis of 120 pellets (see Figure 5 ). Meso-structure Overall ranking
Figure 4 Table 3  Table 3 Figure 7 (1) based on narrowness of distribution.
(2) based on aspect ratio.
